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CHEMICALS 


ORGANIC METAL SUPERCONDUCTIVE AT ATMOSPHERIC PRESSURE 
Paris SCIENCES & AVENIR in French Aug 81 p 5 


{Text7 Danish researchers have just formed an organic metal that is unique in that 
it is superconductive at atmospheric pressure. Up to now, synthesized metals have 
required an enormous pressure, equal to several thousand atmospheres, to become 
Superconductive. Pressure was required to ensure a closer bond between molecules in 
organic compositions that became crystallized in long juxtaposed molecular chains, 
and to facilitate molecular mobility, thus ensuring superconductivity (see SCIENCES 
& AVENIR, No. 371 and No. 397). 


The new composition uses a TMTSF (tetra methyltetrathiafulvalene) molecular base 

which is able to lose electrons easily. The electron is replaced by a positive ion 

and mobile electrons. Since the end of 1979, this molecule has been used in the 
synthesis of TMTSF-PF_, in which the negative ion of hexafluoro-phosphate is stabilized 
by a positive TMTSF ion. This crystal is superconductive at a temperature below 

1 K under a pressure of 12,000 atmospheres. 


Since this synthesis, Danish researchers, in collaboration with the Orsay solid 
physics laboratory, have come around, little by little, to the idea that a negative 
ion that is smaller than PF¢ might produce the same effect as a very high atmospheric 
pressure, i.e., it would ensure a closer bond among TMTSF molecules. 


This is why the physicists have turned to the CI0Og negative ion that is smaller than 
PF¢. The resulting compound, (TMTSF) > CIO4g, offers zero resistance at a temperature 
below 1 K at normal atmospheric pressure. While being very close to the outcome of 
this research, it must be said that the researchers are on the lookout for a synthesis 
of superconductive metals at much higher temperatures of either 40 or 30 K. 


According to Michel Ribault “it is fine that d'Orsay has broken away from pressure; 
however, the real achievement we expect to realize one of these days is to succeed 
in saying on degrees close to absolute zero, which are very expensive.” 
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ELECTRONICS 


NORWEGIAN MINICOMPUTER BREAKS U.S. "QUASI-MONOPOLY' 
Paris L*USINE NOUVELLE in French 17 Sep 81 p 66 


[Article by Jacques Antoine] 


[Text] Norsk-Data, first European manufacturer in the 32-bit mini-computer market. 
To strengthen its presence on the Continent, the Norwegian manufacturer has 
entrusted a leading role to its French subsidiary. 


In the mini-computer area, the quasi-monopoly held until now by American companies, 
has just been broken. 


Broken by a Norwegian company: Norsk-Data. Still small compared to the large 
European manufacturers who have often been the center of attention (CII-HB, Philips, 
Siemens, or ICL, for instance), this company known mostly within scientific and 
industrial circles, has sailed with the wind and maintained its growth above 

40 percent per year. Quite a performance. 


Their driving force: the super-mini ND 500. This versatile machine, of ficially 
presented in Oslo last week by Rolf Skar, president of Norsk-Data AS, claims a 
performance at least 20 percent better than the current best (Vax 11/780, Data 
General MV/8000, PE 3240, and so on). 


With this strength, the Nord line (10, 100, 100CE, and 500) expects to have “an even 
stronger European future,” states Rolf Skar. Under these conditions, the French 
subsidiary established in 1975 (the largest in Europe) is expected to play the 
largest role outside of the Scandinavian countries. “We are already integrating 
software and hardware,” explains Ove Lange, director of Norsk-Data France. “We have 
just gone further with our development activities: we have planned to manufacture 
in France, computers which would be covered by an European Community label”. 


The French are also involved on the supplier side. Since May 1981, Matra has become 
third source (next to the Americans and the Japanese) to supply (30 percent ) 
multilayer circuits. “It is not out the question for Matra to become first source. 
Its work is of the best quality, our software is simplified, and Matra, unlike the 
Americans, can eventually supply other components,” explains Ove Lange. Not to 
mention that Matra is a potential customer (OEM) for Norsk-Data compcters! 











The French connection is even more active. Om one hand, discussions have been held 
in recent months with Thomson-CSF (“The idea of a joint subsidiary has not been 
discarded,” discloses Rolf Skar. But even though each of the lines is 
complementary, “matters is at a standstill.”) Om the other hand, contacts are also 
expected with Efcis to supply components. 
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ELECTRONICS 


LSI DESIGN CENTER: CUSTOM COMPUTERS, ADVANCED CIRCUIT DESIGN 
Stockholm NY TEKNIK in Swedish 13 Aug 81 pp 6-7 
[Article by Anders Wallerius] 


[Text] Tailor-made computers and advanced circuit design will be Sweden's ticket 
into the rapidly advancing world of electronics. 


LSI Design Center in Linkoping will provide the expertise. What will become the 
center of Swedish circuit design has been built up for the past year at the Techni- 
cal University. 


The large computers and multi-purpose microprocessors of today will be replaced 

in the future by specially constructed circuits in which the program is no longer 
software, but is built into the circuits themselves. A completely new design phil- 
osophy may be discerned. 


"Progress in this field is just beginning," said Harold Lawson, professor of computer 
design and head of the LSI Design Center. 


"Semiconductor physics is already well known. New discoveries require enormous 
expenditures. That is not for Sweden." 


"The same is true of production technology. There are large plants in Japan and 
the United States with well functioning production processes." 


"We should also forget about designing simple circuits and logic,” Harold Lawson 
said. "Such circuits may be bought from large manufacturers at a low cost." 


Custom Computers 


Methods of systems and computer design, on the other hand, are a wide open field. 
The Americans and Japanese are even with us in these areas. 


For this reason, LSI Design Center will concentrate on these areas. Tailor-made 
computers may be the niche the Swedish computer industry needs to survive, Harold 
Lawson believes. 


"Manufacturers of large computers are not interested in this type of computer. It 
is outside the scope of their organization. They prefer to work with the large 
multi-purpose products with many areas of application." 
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The field seems to be wide open for investments in advanced LSI design and the LSI 
Design Center in Linkoping has entered this field. It has established four partial 
goals for its activity: 


Own Language 


To construct everything from entire systems to completed production techniques for 
both the technical university and other organizations. Local industry will also 
be permitted to participate. 


To develop systems and methods for circuitry design. This includes everything from 
developing a "language" for the designer to equipment for design and circuit simulation. 


To train students at the university in the new design philosophy. This includes 
both technicians and doctoral students. Courses will also be held for industry 
people and public employees. 


To cooperate with other institutions, organizations, and companies that are already 
familiar with or wish to learn about the new LSI technology. 


The First Chip 


The first "real circuit" designed at the center was recently returned from the manu- 
facturer, Hughes, in Scotland. It was a very fast "digital wave filter" (1.1 MHz) 
which, among other things, can be used in digital telephone systems. The filter 
allows signals of a certain frequency to pass and excludes other signals. 


The positive feature of a digital wave filter is that it simulates a passive, analog 
filter. Because of this, the filter is very unsusceptible to interference. Other 
types of digital filters are more sensitive to coefficients, cause more noise, and 
can experience self-oscillation. 


Industry Welcome 


The center will also assist ouside organizations by developing special circuits. 
Regional intustry is welcome to use our services, Harold Lawson said: 


"That could improve the existing industry and perhaps create an entirely new industry 
in the region." 


The design work can be done quite easily with CAD (computer-aided design). Thus, 
one of the main tasks of the center is to develop an effective CAD system. What 

is needed is a “language” to describe the circuits and a library with the most used 
circuits. 


"CAD is necessary so that the tailor-made circuits will be economically feasible," 
Harold Lawson said. The present system has many shortcomings, however. 


Simulation Takes Time 


The shortcomings are also great when it comes to equipment for simulating advanced 
circuits. Simulation is an important part in designing custom circuits. 














© 


The large, “normal” computers are now used for simulation. They think too much 
and in much too complicated ways to be suitable. When large quantities of data 
must be processed, as in simulation, shortcuts must be built into the equipment. 
It would then be much faster than with today's general-purpose computers. 


"The large company Intel recently tested its new microprocessor. Some of the world's 
largest computers were used to assist the researchers. Still it tock over 10 hours 
of operation to simulate 1 second of the microprocessor's operation. 


This would be just the place for a tailor-made simulation computer. The center 
wants to develop this type of system--processors that can handle large quantities 
of data without needing the reserves of the large computers. 


So far the personnel at LSI Design Center has been busy enough training itself. 

This past year was spent giving direction to the center's work. Eventually, however, 
technicians and research students as well as industrial employees will learn from 
the center's experience. 


Several research students have already attempted to make custom LSI circuits. Soon 
the first MPC (multi-project chip) will be returned from Asea-Hafo. 


Twelve different circuit designs are together on a surface of 10 x 10 mm on the 
chip. What distinguishes these chips is simply the connections between the chip 
and the pins. 


The advantage of the MPC is that each circuit costs only 6,000 to 7,000 kronor to 
manufacture, compared to ten times that price if they are produced separately. 


This fall technology students in the Y-course of study (technical physics and electro- 
technology) will make a “multi-project chip" as part of their instruction. 


Japanese Simulation 


In the area of the development of simulation and CAD systems, the center is working 
together with Saab-Scania and L M Ericsson, among others. 


Cooperation across national boundaries is also needed, however, especially when 
it comes to production technology, which Sweden lacks. 


Together. with the Japanese, who can manufacture circuits, but are poor in the area 
of design, Swedish (and European) industry should hold its own in competition with 
the United States. 


Early next year the first Japanese will probably come to LSI Design Center in Linkop- 
ing. He is an expert in simulation and will remain at the center for 2 years. That 
is a good beginning for contacts between Sweden and Japan. 


"If we are to keep up with developments, industry must wake up and see what is happen- 
ing," Harold Lawson said. 
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ELECTRONICS 


RESEARCHERS WORK WITH GALLIUM ARSENIDE FOR FASTER CIRCUITS 
Stockholm NY TEKNIK in Swedish 27 Aug 81 pp 10-11 
[Article by Ulla Karlsson] 


[Text] The search for material that can replace silicon in the production of inte- 
grated circuits is underway around the world. A large portion of the research today 
is centered around the semiconductor gallium arsenide. In Sweden this is occurring 
at the Institute of Solid State Physics at the Technical Unversity of Lund. 


The electronic circuits of today are manufactured on plates of semiconducting material-—- 
material that can be classified neither as conductors nor insulators. The most 
widely used material today is silicon. During the past 10 years the components 
of which the silicon circuits are constructed have been made smaller and smaller. 


‘he result has been more and more complex and faster circuits. However, the miniatur- 
cation of components cannot continue withowt limit. Purely physical limitations 

will slow developments. To continue developing the extremely fast and compact cir- 
cuits necessary, among other things, for the further development of speech and picture 
analysis with computers, research is underway throughout the world to find new materi- 
als. 


Material Research 


At the Institute of Solid State Physics in Lund scientists have been conducting 
material research for 15 years. They are currently concentrating on compounds of 
elements in groups III and V of the periodic table. These include aluminum, gallium, 
indium, phosphorus, arsenic, and antimony. 


For the past year a computer controlled device has been used to produce the various 
compounds. It is a so-called MOCVD, an abbreviation for Metal Organic Chemical 

Vapor Deposition. Machines operating in the same manner are used at research labora- 
tories around the world. These are devices produced by the companies that use then, 
however. The equipment at the institute is unique in that it is the only machine 

in operation that was purchased. 


Right Composition 


When a compound is to be made in the machine the researchers punch in on a keyboard 
the composition they want the compound to have. A computer in the system then 











controls valves and flow meters so that the correct quantity of the right gases 

flows into the cell of the apparatus. The cell contains a substrate on which the 

new compound crystallizes. So far the researchers have used only a substrate of 

the semiconductor gallium arsenide, but other semiconductors may also be used. Galli- 
arsenide is a material that has been much discussed in recent years. Among other 
things, an electron mobility five times greater than silicon has been attributed 

to the material. This means that gallium arsenide may compete seriously with silicon, 
especially for fast circuits. 


"Gallium arsenide could be the right new material, but there are also other candi- 
dates, for example gallium indium arsenide," said Herman Grimmeiss, professor at 
the institute. 


Impurity Atoms 


The conductivity of the compounds being formed can also be altered in the computer- 
controlled device. This is done by adding very low concentrations of foreign atoms-- 
impurities (approximately one impurity atom per million atoms of the material itself). 
The compound is said to be doped. The type of impurity determines whether electrons 
or “holes” will act as the charge carrier in the material (n- or p-doping). 


The doped or undoped compound later removed from the device is thoroughly examined. 

The researchers make sure, for example, that the compound has the composition they 

had decided on. The verification is made by X-ray analysis. The electrical properties 
of the compound are then altered. This is done by adding other types of impurities. 
These impurities, for example copper, diffuse into the material where they produce 

extra energy levels. 


Deep Levels 


“We have specialized in so-called deep levels in the material*,"” Herman Grimmeiss 
said. These are energy levels that are far from both the conduction band and the 
valence band. 


"By studying the deep levels we obtain an extremely precise picture of the compound's 
properties. In this way, we can also say which materials are best suited for a 
certain application." 





*A perfect semiconductor consists of a large number of identical atoms. A semi- 
conductor contains no discrete energy levels, but the energy levels have been broad- 
ened into bands. When electrons in the material are in their ground state they 

are in the valence band. If they are excited to a higher level, however, they enter 
the conduction band. If a crystal atom is replaced by a foreign atom, an extra 
energy level appears in the otherwise empty band gap between the conduction band 
and the valence band. If the foreign atom is similar to the crystal’s own atoms 
the extra energy level appears near the edge of the band--this is called a ground 
level. If, however, the foreign atom is unlike the crystal'’s own atoms, the extra 
energy level is far from both the valence and the conduction bands. A deep level 
has been formed. Gold atoms in silicon, for example, cause deep levels. 








The researchers at the institute also accept outside assignments. For example, 
a company might wish to produce a component with certain definite properties. Hun- 
dreds of trials may be needed to achieve the correct combination of materials. 


Individual components of the tailor-made material are produced, while large-scale 
production is left to the company that ordered the component. This type of coopera- 
tion currently exists with the Microwave Institute in Stockholm. 


Specific Performance Characteristics 


Swedish industry should be able to use our knowledge of materials to produce somewhat 
exotic components with very specific performance characteristics. Advanced systems 
could then be constructed around these components. 


"Today Swedish systems are often constructed around imported components, but foreign 
manufacturers cannot begin to sell their components until they have an overproduc- 
tion, i.e., 3 to 4 years after the component has been produced. This often means 
that our systems are already "old" when they have been fully developed." 


"For companies that produce circuits, we can also tell which material is the most 
promising. In this way, wasted investments can be avoided." 


The New Semiconductors Are Produced In This Way 


The new semiconducting material is made in a computer-controlled system called an 
MOCVD--metal organic chemical vapor deposition. 


A new compound is made in the following manner: 


The system has seven containers with various liquids and gases. Three of the con- 
tainers have liquid substances from group III of the periodic table. They might 
be, for example, trimethyl gallium, tirmethyl aluminum, and trimethyl indium. Two 
containers have substances from group V, for example the poisonous gases arsine 
and phosphine, while the other two contain doping substances. 


Hydrogen Gas Flows 


When a semiconducting compound is to be made, the researchers allow hydrogen gas 

to flow in the system. The flow rate is about 4 liters per minute. The hydrogen 
gas is allowed to pass through the container with the group III substance that is 

to be included in the compound--for example, trimethyl gallium (CH3)3Ga. The hydro- 
gen gas is mixed with the trimethyl gallium and a computer-controlled flow meter 
makes sure the correct quantity of gas passes into the so-called reaction cell. 


At the same time, a valve opens to the container with the group V substance that 
has been chosen, for example arsine, AsH3. The arsine also flows into the cell. 


The cell contains a substrate on which the compound will crystallize. So far only 
gallium arsenide has been used, but other materials may also be used. 














The temperature in the cell is 600 to 700°C when an epitaxial layer of the new com- 
pound grows on the substrate. In the present example, the result is a very thin 
layer of gallium arsenide--GaAs. The reaction occurring is: 


(CH3) 3Ga+AsH3--GaAs+3CHy, 
The only residual product formed is methane. 


Doping Substances 


If the semiconducting compound formed is also to be doped, a valve to one of the 
two containers with the doping substances is opened. The onethat is opened depends 
on whether the researchers want electrons or "holes" to function as the current 


carries in the material (n- or p-doping). Hydrogen sulfide, H2S, is used for n- 
doping and dimethyl zinc for p-doping. 


9336 
CSO: 3102/424 


10 








ENERGY 


'THEK' PROGRAM: RESEARCH IN SOLAR, THERMAL ENERGY 


Aix-en-Provence REVUE INTERNATIONALE D'*HELIOTECHNIQUE in French lst half-year 81 
pp 4-7 


{Text ] ABSTRACT.--The following paper presents information about 
the work carried out at the Marseilles Department d*Heliophysique 
and concerning the THEK [Kilowatt Thermo Helio Electric Plant] 

program developed by the French CNRS [National Center for Scien- 


tific Research]. 


This program includes a feasibility study of solar/thermal 
energy stations in the range of a few thermal megawatts of energy 


produced. 


These units, based on the distribution collector concept, use 
modular converters designed to concentrate the collected solar 
radiation onto an absorber from which the heat produced is ex- 
tracted using an organic fluid operating at up to 300°C. The 
concentration ratio, obtained by approximating a paraboloid to 
flat-facetted mirrors, is in the range of 230 and allows effi- 
ciencies above .70 with a black absorbing surface. 


After designing and testing two prototypes of this converter 
(50 m2 collecting area), an industrial production of a few tens 
was started, four of which are being tested at the present 


time. 


Two pilot plants in the range of .3 to .5 thMW are to be built, 
one will deliver heat at 300°C to be used in a thermodynamic 
loop for production of electricity, the other producing steam 
at 180°C/10 bars for industrial use (desalinization, drying, 


heating, etc.) 


I. Introduction 


The experimental work carried out at the Marseilles “Department d'Heliophysique" 
within the scope of the "THEK" program and concerning solar/thermal conversion 
modules has confirmed the predictions made at the inception of the project. 
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The objective of the "THEK"* project is to open the way for the development of 
devices for the conversion of solar energy into energy usable in the "medium 
power" range. The preliminary studies have led to the selection of a modular sys- 
tem (sometimes designated "distributed converter") using concentrated solar rays 
prior to thermal conversion; both operations being performed within the same 
module. The heat is then carried by a collector network interconnecting the mod- 
ules and is regulated before distribution, either directly in the form of heat, 

or after secondary transformation, in the form of mechanical, electrical, or 
other energy. 


The project includes three phases: 


--THEK 1: Definition, design and experimentation using one or several prototypes 
of the solar converter module; 


--THEK 2: Industrial production of modules, study, implementation, and experi- 
mentation of a collection and regulation network; 


--TH2K 3: Adaptation of THEK units to a specific use. 


The following will give an idea of the status of the project, started in 1975, and 
which is currently in the following stage: 


--THEK 1: Completed; 


--THEK 2: Study completed; preproduction phase in progress; implementation of the 
network in progress; 


--THEK 3: Study in progress. 


We should mention that this activity, which was initially strictly a research 
project, is now supported by the French Solar Energy Commission (COMES) which is 
financing the experimental industrial predevelopment effort. 


Il. Results 


The tests carried out within the scope of the THEK project have confirmed that in 
the conditions of the projectl!, the following numbers can be used as a base for 
the use of the converter modules: 


Operating temperature up to 320°C 
Overall instantaneous heliothermal efficiency......greater than ./2 
Energy efficiency over a typical day...............about ./0 


These are not laboratory performance numbers, but numbers used in setting up the 
industrial specifications. 





*In the name of the THEK team which also includes: M. Audibert, J-P. Battistelli, 
J. Desautel, B. Imbert, G. Gasperini, and R. Pasquetti. 

The THEK project, developed by the Department d'Heliophysique of the Universite 
de Provence (E.R.A.-CNRS. 538) was set up in 1975 by the CNRS within the scope of 
the "Solar Energy Research and Development Project (PIRDES)." 
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As applied to average conditions in the Marseilles region, and taking into account 
additional losses due to the requirements of real, on-line operation, these numbers 
may be used to predict an annual heat production of 50 to 55 thermal MWh for each 
50 m2 module. 


In addition, experimentation carried out over a period of 2 years on two proto- 
types operating in real-life conditions has been used to evaluate a series of 
technical solutions for the construction of these modules and to analyze the phys- 
ical problems raised by their operation in an essentially dynamic mode. 


IIIl. THEK 2 


This second step in the project corresponds to an intermediate step between the 
study and the implementation of the module on the one hand, and the design of op- 
erational systems on the other. Its objective is to identify the problems raised 
by the joint operation of several modules on a common collector network. It 
should lead to the selection of a series of solutions concerning the choice of 
principles to be applied to establish a network, and the management of the net- 
work. 


In order to conform to the "medium power" project as initially planned, that is 
corresponding to energy production in the range of 5 to 500 kW of electricity 

(or 25 to 2,500 kW thermal) in peak production, the study was carried out on net- 
works including up to 100 modules. 


However, for obvious reasons, the experimental implementation will be carried out 
with about 10 modules only, which corresponds to a nominal power of 250 to 300 
thermal kW. 


In this study, we have attempted to take into account the fact that systems must 
be able to respond to various utilizations of heat, along a fairly wide heat 
range (100 to 300°C). The result is a number of variations in the implementa- 
tion of the network and the management of the energy produced. Thus, we have 
been led to examine two experimental installations as a first approach: 


The first one, THEK 2H (fig 1) uses oil similar to that used in THEK l (GLILOTHERM 
TH or MOBILTHERM 605) to carry out heat. It is intended to be coupled to a 
thermodynamic conversion loop operating around 275°C and actuating a 50 kWe al- 
-ernator. The first THEK 2H installation is planned to be implemented in Corsica, 
around Ajaccio, where it will be connected to a thermodynamic loop being con- 
‘tructed on an experimental COMES/CNRS site. The loop, installed by SOFRETES 

and the CEA [Atomic Energy Commission], and including mixed storage (thermal oil 
-nd rock), uses a BERTIN organic fluid turbo-alternator. These alternators, de- 
-igned for instantaneous power around 50 to 300 kWe, have a high mechanical ef- 
ficiency (higher than .78) and, depending upon the power output, yield a thermo- 
j-mamic efficiency higher than .25 from 270 to 350°C. An overall efficiency of 
2 to 20 percent can therefore be expected in the THEK 2H helioelectric unit. 
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THEK 2 Schematic 





























Key: 

1. Sun rays 12. Heat carrying fluid 

2. 800 W/m2 13. 700 kW, 300°C 

3. 48 kW 14. Steam 

4. Heliothermal conversion 15. Motor alternator 

5. 230°C 16. 93 kW electricity 

6. 50 m2; efficiency = .87 17. Heat 

7. 26 heliothermal modules 18. Thermal storage 

8. Heat: 29 kW 19. Pump: 300°C, 1.5 kW 

9. Q = 12,600 kg/h; 750 kW 20. Condenser 
10. Collector 3 21. Thermodynamic conversion 
ll. Giotherm storage: 56m, 22. Steam generator: 1000 kg/h, 

46 = 300/280°C 280°C, 26 bar 


Obviously, this type of installation is intended for electrical production units 
located in isolated regions with clear skies and also, as a second step, simul- 
taneous production of heat and electricity at different temperature levels. 


The second one, THEK 2V, involves direct production of industrial steam (fig 2). 
It utilizes a pressurized water loop leading to a steam generator. The design 
nominal power--around 300 thermal kWh--should enable it to deliver 350 to 400 
kg/h of steam at 180°C/10 bars. Following are some of the elements involved in 
the choice we had to make to design such an installation. 

















Figure 2. THEK 2V schematic. 


[Key on following page] 
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Key: 


1. Collector CN: Level detector DT: Pressure regulator 
2. Exchanger CP: Pressure M: Pressure gauge 
3. Tank CPD: Differential pressure MC: Pressure contactor 
4. Pumps CPT: Counter MV: Vacuum pressure gauge 
5. Pressurization CS: Venturi P: Pump 
6. Cover DB: Flowmeter PV: Vacuum pump 
DR: Breakout disk S: Pressure safety valve 


IV. THEK 2V Installation 
a. Storage Fluid: 


In the case of THEK 2V, the storage fluid consists of pressurized water. As com 
pared to pressurized water, oil has the advantage of operating close to atmos- 
pheric pressure up to temperatures around 330 to 340°C. On the other hand, they 
have some disadvantages such as: 


--Much lower specific heat (larger volume required to store the same amount of 
energy), 


--Risk of degradation of the fluid in case of overheating, 
--High cost. 


The main disadvantage of water is in the high pressures the circuit must withstand 
when temperatures are raised (thicker, heavier, and more costly tenks). 


If water temperature is limited to 220°C under 23.5 bars, the net situation is 
in favor of water because of the lower cost of the fluid, the simplification of 
the regulation system, and also from the fact that we can save on a steam gene- 
rator and the associated pumping station. In the present installation, steam at 
180°C under 10 bars is produced simply by letting out steam from the top of the 
tank. In operation, water temperature varies between 180°C/10 bars (discharged 
storage) and 220°C/23.5 bars (pressurized storage). 


b. Heat transfer fluid: 


Among the possibilities studied the choice was made, at least for the initial 
experimentation, to use pressurized water circuits separated by a heat exchanger 
(fig 3). As compared to two-phase solutions (water and steam), this is the one 
that uses the least energy while keeping the network regulation and balancing 
problems reasonably simple‘. 


c. Network: 
The network was designed in order for its characteristics (distance between col- 
lectors, pipe diameter, insulation thickness, etc.) to minimize losses from col- 


lector shadow, pumping power, thermal losses, thermal inertia, etc., and invest- 
ment costs. 
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Instead of the theoretically optimal solution?, which requires an extensive balanc- 
ing system, a system using associated loops with equal lengths of pipe from all 
collectors has been preferred. This provides for significant simplification in 

the selection of pipe diameters (standard size), valves, etc. 


d. Pumping system: 


The optimization of this system with respect to the yearly energy consumption in- 
cludcs a fixed-rate pump which handles maximum sun periods and peaks, and a vari- 
able rate pump related to solar flux and to the highest furnace output tempera- 
ture. 


e. Network pressurization: 


It is maintained at 53 bars (corresponding to maximum temperature conditions), 
using a compressed nitrogen tank which also operates an expansion vessel (2.1 m~). 























~~ 210°e 











Figure 3. Possible configurations of the primary loop. 


1. Pressure-reducing valve 
2. Pressurizer --——-——— 

















Figure 4. 


1. hot fluid 
2. cccccee GOS Fluid 
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f. Tank: . 


Resulting from a close adaptation between utilization and the thermal loop, its 
capacity in the case of THEK 2V is arbitrary. We have selected a typical case 
using a 50 m2? tank, which corresponds to a sphere 2.3 m in diameter and 45 m 
thick, with heavy insulation. The primary heat exchanger is installed inside the 
tank. 


g. Control: 


Obviously, the operation of the installation is automatic as far as the following 
functions are concerned: 


-~-Collectors orientation (sun tracking) 

--Overall flow regulation 

-~-Installation start-up and stop (depending upon sun conditions) 

--Collectors monitoring (operating safety) 

-~-Information on instantaneous operation of the field 

--Recording of all measurements necessary to evaluate the performance of the in- 
stallation (daily, monthly, and yearly accounting). 


Some of these functions are controlled centrally using a mini-computer. Others 
are controlled directly at each device. 


The detailed operation of the system, which has been described seperately’ has 
been studied while taking into account the experimental nature of the installation. 
It should however be useful to evaluate some principles or materials which have 
been used, in view of their use in industrial installations. 


h. System operation: 


In nominal conditions, the 10 collectors are automatically oriented and pointed 
toward the sun, the pumping system circulates pressurized water between the col- 
lectors and the storage tank exchanger. Water comes out of the exchanger at a 
temperature 5°C higher than the water in the tank; it is distributed in parallel 
to the 10 collectors in a network whose pressure is maintained at 50 to 60 bars 
in order to prevent evaporation. After being heated in the collectors, the water 
returns to the exchanger where the heat is transferred to the tank water. The 
flow of water in the network is regulated by varying the pumping velocity as a 
function of the incident solar flux and storage temperature. The latter varies 
during the day between two limits: a 180°C limit corresponding to the unloaded 
tank, and an upper 220°C limit (23.5 bars) corresponding to a tank under load. 


Steam production is obtained by releasing the tank steam at 10 bars. During this 


isenthalpic release, steam is cooled to a temperature close to 180°C. In this 
experiment it is then condensed to be reused in the circuit. 
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ENERGY 


BRIEFS 


SYNTHESIS GAS PLANT IN FRG--The first synthesis gas unit to be built in FRG, based 
on a new technology, will be started by the company Rheinische Braunkohlenwerke. It 
involves a $163 million project that includes four units with individual 
capabilities of 300 million cubic meters per year, the first of which could be 
operating as early as the middle of 1984, with the whole project being ready in 
1987. Rheinbraun then expects to use 2.2 million tons of lignite per year, supplied 
by the mines of the Rhineland company. The synthesis gas plant will be connected by 
pipeline to the petrochemical complex Union Rheinische Braunkohlen-Kraftstorf for 
methanol production. The project uses an improved high temperature version of the 
Winkler gasification process. Fluidized bed gasification of the lignite is enhanced 
by the use of oxygen and steam at a higher pressure. Since the cost price of 
lignite is lower than that of coal, this is an interesting solution. [Text] [Paris 
SEMAINE DE L'ENERGIE in French 14 Sep 81 p 11] 11,023 


NEW COAL GASIFICATION PROCESS--KHD Humboldt Wedag AG has developed a new auto- 
thermal coal gasification process using a liquid iron vat. The resulting gas 
contains almost only CO and hydrogen. It is practically sulphur-free (less than 
20 ppm) and C02-free and in many cases, it can be used directly without additional 
scrubbing. The pilot installation planned to test the Humboldt process will be 
capable of gasifying 10 tons of coal/hour under a pressure of 10 bars at 1350- 
1400°C. It will produce 20,000 m>/h of gas. It is planned to go into operation 
in 1982. The process is based upon the dissolution of coal in liquid iron, fol- 
lowed by gasification per se. It presents many advantages: it can use all types 
of coal and does not generate by-products such as tar and hydrocarbons. The re- 
sulting gas is usable as synthesized gas and may be used without de-sulphuration 
in gas/steam turbines to produce electricity. [Text] [Paris INFORMATIONS CHIMIE 
in French special edition Jun 81 p 97] 6445 


CSO: 3102/427 
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INDUSTRIAL TECHNOLOGY 


NC MACHINE TOOL FUNCTIONS ON UNMANNED SHIFT 
Paris L'USINE NOUVELLE in French 17 Sep 81 pp 114-115 


[Article by Patrick Piernaz: “At SHC the Machine Works by Itself at Night™] 


[Text] It is now possible to allow a numerical control machine-tool to operate 
unattended during the night and on Sunday. A subcontractor specializing in 
glassware molds relates his successful experience with an unmanned shop. 


A carousel of pallets, a machining center, and a local compressor: that is all that 
is needed to have an autonomous machine-tool capable of operating without manual 
intervention during an entire night and on weekends. 


“een at the latest large international shows in Chicago, Tokyo, and Hanover, these 
are the new generation machine-tools. They are harbingers of the first unmanned 
shops; very few enterprises in the world can boast of having one. And even fewer 
dare to fully utilize all their capabilities, which means to close the plant in the 
evening while leaving the machine to operate entirely by itself with its supply of 
pallets carrying the parts to be machined. 


[In France, a subcontractor was the first one to try it: SHC, at Ternay 

(98 employees and 3.5 million francs of business), specializing in the manufacture 
of glassware molds (for bottles, jam jars, and condiment containers). “We machine 
cast iron parts in 10 to 50 unit runs. The machining time per part varies from 

15 minutes to one hour and 40 minutes,” says Jean Sogner, the director of the 
enterprise. The machining operations are conventional: drilling, tapping, filing, 
and milling; the complete machining of one part (consisting of two mold halves) 
requires two different set-ups. 


Great Confidence in Equipment 


When the numerical control program is ready, the parts merely have to be mounted on 
the carousel pallets, and the machine processes them one after the other. The ten 
pallets provide an average autonomy of eight hours. Under these conditions it was 
indeed tempting to load the machine in the evening and find the ten parts completely 
processed in tne morning, with the advantages of shorter delivery times and better 
amortization of the machine. That is what SHC did. “The evening shift prepares the 
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parts and starts the machine; before closing the shop, it shuts down the large 
general purpose compressor and turns on the smaller compressor purchased specially 
for the machine,” explains Jean Sogner. When the morning team arrives, the machine 
is generally completing its run; otherwise it will have shut itself down. At which 
time the finished parts are removed and replaced with unprocessed ones. “The 
operation is similar for the weekend: the parts are prepared on Friday; on Saturday 
or Sunday, one of us comes ‘o change the parts on the carousel, a task which takes 
less than one hour,” points out Antoine Cipriano, set-up man. 


Allowing a machine to operate unattended requires a certain amount of confidence in 
the equipment. But what happens in case of trouble? The machine, operating on its 
own, turns itself off when the work is finished, and causes the compressor to shut 
down as well. “We have never had any serious breakdown, only tool breakage,” points 
out Jean Sogner. “And the machine, which has been working for 18 months, has 
already logged 3702 hours of machining! Of course, we also know our cutting 
conditions very well since we always machine the same metal: annealed and 
stabilized cast iron. We start with machined surfaces, and in particular, we devote 
great attention to the quality of the cutting tools; you cannot stint on this issue. 
All the tools are changed and resharpened for each run. An average of 15 tools are 
needed per part, out of a total of thirty in the changer.” Some of the machining is 
spectacular, such as boring a 6.5 mm-diameter, 350 mm-deep hole, or drilling tiny 
holes (0.7 mm in diameter) at 12,000 rpm. 


It is this need to change all the tools for each run, and to be able to regularly 
check their condition, that motivated the selection of the Yasda machining center, 
equipped with a 30-tool changer (15 kW spindle power). “The tool changer is at eye 
level and thus easily accessible,” we are told by Jean Sogner, who consulted various 
suppliers and travelled to Belgium, Germany, Sweden, and Holland to inspect 
equipment in operation (but could see no center with a multi-pallet carousel ). 
Three other criteria determined the choice made by the SHC director: the large 
travel of the machine (allowing operations with very long tools); the simple design 
of the tool changer, an indication of reliability (no breakdown so far); and the 
accuracy of the work. The machine was installed and started by a technician from 
Univacier (Yasda's representative in France), in two 15-day visits. 


Two people are currently operating the machine. The set-up man who loads the parts 
on the pallets, removes them, deburrs them, supervises operations, and sets up the 
next commands; and the programmer, Diego Gimenez. The latter prepares the program 
tapes and feeds them to the numerical control computer (Fanuc System 7) with which 
the machining center is equipped. This is a relatively long task: “For the time 
being our programming time reaches five to six hours per part, because we operate 
with manual programming. But we will soon adopt automatic programming, which will 
reduce this time to two hours.” This improvement will be extended to all the CNC 
(numerical control) machines in the shop: 14 CNC lathes (the oldest duting back to 
1970), used in two shifts, require the work of five programmers. 
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Another project presently under study, will allow Jean Sogner to double the autonomy 
of his machining center; this involves the mounting of four moli-halves on each 
pallet, instead of the current two, thanks to a modification of the attachments and 
part holders. These two approaches will further improve the alreadv positive 
balance of the installation of a machining center. The new machine, which required 
an investment of about 1.3 million francs, has replaced the work performed on two 
universal milling machines, and has reduced machining time from one week to one day 
by eliminating eight intermediate handlirgs. 


11,023 
CSO: 3102/ 436 
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TRANSPORTAT ION 


FRENCH STUDY OUTLINES EUROPEAN HIGH-SPEED TRAIN NETWORK 
Duesseldorf VDI NACHRICHTEN in German 28 Aug 81 p 9 


[Text ] After the French Railroads (SNCF) proved on 26 February of this year with 
one of its new electric trains (TGV) that speeds up to 380 km/hour can be con- 
trolled safely on rails, scheduled high-speed operation is to begin at the end of 
September this year on 301 kms of the new Paris to Lyon line, which is intended 
exclusively for high-speed traffic. For the beginning, 40 units ("Ramas") are 
available; an initial total of 87 TGV trains is being acquired. 


Each TGV train consists of two 4-axle driving units, developing 6,300 kW together, 
and 8 intermediate coaches. The distance between the trucks on the driving units 
is 14 meters, distances between the axles is 3 meters, the total number of seats 
is 386, 111 of them in lst class. Two driving units can run as a double unit, 
providng 12,600 kW of power and 722 seats. The length of the eight-coach train, 
with one driving unit at each end, is 200.19 meters. Two coaches are supported on 
the twin-axle running bogies, except for the first coach truck behind the driving 
unit. So the entire TGV has only nine running trucks and four driving trucks. 

The brake system consists of resistance brakes, disc wrakes and block brakes. 

The speed to be maintained is shown in the cab and constantly checked automatical- 
ly. 


Through-operation for 260 km/hour on the entire 389 km-long high-speed Paris-to- 
Lyon line will commence in 1983; travel time will be 2 hours. 


The noise level of the all-electric operation is said to be lower at 260 km/hour 
than that of traditional trains at 160 km/hour. ‘Over distances up to 600 km, city 
center to city center, the high-speed train is not only quicker than the airplane, 
according to railroad statements, but the energy consumption is also considerably 
lower (one-fourth to one-fifth of the Airbus). 


Now an examination is being made of which railroad lines in France can be con- 
verted to TGV links. Efforts are further under way to recommend the national TGV 
model for a super-TEE [Trans European Express] system to link the major cities of 
Europe. In a French study on the subject the statement is made that 27,000 kms 
of railroad line in Europe can be modified in a short time for the operation of 
standardized, light and powerful TGV's with maximum speeds of up to 240 km/hour. 
The 5,000 to 6,000 km of new track planned for this decade would allow speeds of 
260 to 300 km/hour. Paris to Brussels would be covered in 1 and 1/2 hours, Paris 
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to Rotterdam in 2 and 1/2 hours and Paris to Cologne in 4 hours. So that the TGV 
can run on all the electrified lines in Europe using different currents, the 
electrical system of the driving units is designed for 25 kV/50 Hz and 15 kV/16 and 
2/3 Hz AC and 1.5 kV DC current. 


TGV traffic for all of Europe would require about 1,000 trains. The study recom- 
mends a division of labor to build these trains, after the example of the "50 Hz 
consortium," in which several companies of the West European railroad industry 
are already working together. This industry structure is "in the immediate 
position of being able to introduce the TGV system successfully in Europe and 

the entire world." 


9581 
CSO: 3102/425 
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TRANSPORTATION 


SHORT REPORT FROM AIRCRAFT INDUSTRY: A 310, CFM ENGINES 
Bern TECHNISCHE RUNDSCHAU in German 1 Sep 81 p 33 


[Excerpts] Distributed across all of Europe, A310 components are taking on their 
final shapes and being flown by special plane, "Super Guppy," to Toulouse for 
final assembly. The 5.2-ton wing was developed at British Aerospace and is being 
built today in the BAe factory at Chester (North Wales). The wing has an area of 
40.6 m2 and a length of 21.5 m. The forward section of the fuselage of this 210- 
seat passenger aircraft is being built at Consolidated Aircraft Works VFW in 
Bremen and is subsequently mounted on the cockpit section in Toulouse. The cock- 
pit of the A310 is equipped with six screens (two each for the artificial horizon 
and the level indicator and one each for a warning and systems indicator). The 
fuselage center section is built at Aerospatiale in St Nazaire (France). The 
first A310 short- to medium-range aircraft will be delivered in 1983, after an 
intensive flight testing program, to Swissair, which has ordered 10 units. 


For maintenance of the A310, Airbus Industrie has formed a team with its cus- 
tomers, which will establish a maintenance program for the entire aircraft. The 
program will then be approved by the European certifying authorities. The com- 
mittee, led by W. Schippert (Swissair), includes besides manufacturers’ repre- 
sentatives from Airbus Industrie, Aerospatiale, BAe, MBB and VFW, the engine manu- 
facturers GE and P & W and the airlines Air Afrique, Air France, British 
Calendonian, Lufthansa, KLM, Kuwait Airways, Sabena, SAS and Swissair. Six work 
groups were formed for detail operations. The most important areas include the 
airframe, engines and APU [auxiliary power unit], hydromechanical systems, general 
systems, avionics and aircraft inspection. 


New CFM56 Engines 


CFM International, a joint-venture company of General Electric USA and SCNECMA in 
France, has developed two new versions of its CFM56 engine. CFM developed a 
more powerful version (the third) of its CFM56-2 for short-range aircraft in the 
120 to 140-seat category. This version has already been selected by Boeing for 
the B737-300 and will start flying in 1984. In the CFM56-3 the core and the low- 
pressure section of the CFM56-2 are combined with a new, smaller fan. The engine 
develops a thrust of 90 kN, which is an increase of 30 percent over the present 
thrust of a B737-200. To meet the requirements of the airlines, a further version 
is planned, the CFM56-2000. This engine is to cover the power range between 100 
and 150 kN and is intended for the new market of the 150-seat aircraft. Airbus 
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(A320-100 and -200), McDonnell-Douglas/Fokker (MDF-100) and Boeing (B787) are com- 
peting in this market. The new engine will contain the newest findings regarding 
materials and manufacturing methods. The new engine technology basically includes 
the following: 


--Single-crystal turbine blades 

--New ceramic material as a core for casting hollow blades 
--Blade manufacture in two halves 

--Large-bladed fan blades 

--Powdered-metal discs 

--Active alteration of radial play 

--New combustion chambers 

--Electronic engine control 


Plans are to gradually realize the new CFM56-2000 technology in the CFM56-2 and -3 
models as well, which will make them even more economical. 


9581 
CsO: 3102/425 
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TRANSPORTATION 


DORNIER'S DO-228: ECONOMIC WAGER ON ADVANCED TECHNOLOGY 
Paris AVIATION MAGAZINE INTERNATIONAL in French 1 Sep 81 pp 24-25 


{Text/ The Dornier commuter 228-100 and its longer model 
228-200 were introduced for the first time at Bourget, in 

June, only a few weeks after their test flights. Their 
builders consider them to be as competitive as their most 
dangerous rivals. The aircrafts’ main attraction is the 
performance of their wings that were developed by a research 
program financed by the West German government. Although the of 
construction techniques used are not common to this type of 
aircraft, they have produced appreciable advantages in per- 
formance as well as in cost and maintenance. If the com- 
mercial success of the DO-228 cannot yet be assumed, the state- 
ment can be made that this is the first time that so much 
acquired technology has been brought together on an aircraft 

of this type. Only the future will say whether this course 

of action will prove profitable. 


In the beginning of Dornier's offensive in the commuter aircraft market, there was, 

of course, a study made of the market (see Aviation Magazine International No. 800, 

p 42). Also, there was a research program financed by the Federal Ministry of Research 
and Technology to study wing design. This program was known as the TNT Program 
/Tragflugel Neuer Technologie-advar-e2 technology wing7. The broad objectives of this 
program package were the improvemer.: o£ the aerodynamic effectiveness of light air- 
craft wings so as to upgrade operatioral performance. 


In more precise terms, the program dealt with the development of a new contour 
design that would provide an appreciable improvement in lift capability and in the 
Lift/drag ratio. The program also perfected the wing's extremities to reduce drag 
and slotted flaps, fitted to the wing's contour, to provide a higher lift capability 
and a relatively light drag during ascent. Finally, it developed camstruction 
techniques that would make production possible at a reasonable cost. 


The TNT program began in mid-1975 and continued until last year. The results were as 
expected which led to the setting up of the DO-228 program. 
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The advanced technology wing has a contour characterized by a relatively significant 
thickness (16 percent throughout the center section) with an under surface of 
sandwich construction. The wing's central section is rectangular in shape, up to 
the engine pods, and extends beyond to tapered outer panels and triangular wingtips. 
(The relative thickness at the wingtip is 4 percent). The dihedral is zero up to 
the engine pods and becomes +4° on the outer panels. 


Wing span 16.97 m (55 ft 8 in) 
Wing surface 32m2 (344.5 sq ft) 
Wing aspect ratio -9 


The central section has no sweep; however, the outer panels have a sweep of +8°. There 
is also a slight twist at the wing root (in relation to the fuselage) calculated to 
be +2.2° and -3° on the outer panels. 


The wing is constructed in three main sections: the central section including the 
engine pods and the two outer sections. Each section is a box, the upper and lower 
Surfaces of which are panels of heavy sheet metal manufactured by numerically con- 
trolled machines. The longitudinal and transversal stiffeners are machine produced, 
thereby doing away with the conventional riveting of Spars and ribs and resulting 

in a smooth surface. The panels are formed by machine press. According to Dornier, 
such integrally milled construction has many advantages: there is less drag (since 
there are no rivets); less weight, less cost, and longer operating life. Actually, 
this is the first time that this technique, normal for military aircraft, has been 
used on a craft of this type. 


Other advanced techniques that Dornier mastered particularly during the "Alpha Jet" 
program have been used in the construction of the DO-228, e.g., shaping of parts in 
a chemical bath, anode protection, electronic welding, supersonic cleaning, etc. In 
addition, some parts have been made from carbon fibers and Kelvar fibers composites. 


This combination of modern techniques and proven conventional techniques (develoned 
mainly for construction of the fuselage) has made it possible to build a unit whose 
operating life expectancy is more than 24,000 hours, which is equal to 15 years of 

use at 1,600 hours per annum. 


The first aircraft in series production will come off the line in a few days. 

Assembling began in May at the same time the prototype was making its first test 

flights. Plans have been made to build machinery to produce more than 300 aircraft. 
“ 

The short delay between the prototype test flights and the appearance of the first 

vircraft of series production was in large part due to the experience gained during 

the TNT program. It was under this program that an experimental model (a modified 

"Skyservant" fitted with Alpha Jet landing gear) has made more than 200 flights since 

14 June 1979. This experimental TNT aircraft, powered by two Garrett "PE 331-5 

(715 hp) turboprop engines, has performed as follows: 


Horizontal speed - 63 to 337 km/h (34 to 182 knts) 
Banking coefficient - $3.3 to 6.5 ¢ 
Rate of climb - 20% with 2 engines 


5% with one engine out 
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During the summer of 1980 the experimental aircraft was fitted with various types 

of propellers developed by Hartzell and Dowty (supercritical, all Kelvar blade, etc.), 
which ultimately resulted in the adoption of all metal Hartzell propellers for the 
DO-228. te 


The experimental TNT wing also supports research in cooperation with DFVLR German 
Research and Test Center for Air and Space Flight7 on gust absorption (OLGA, Open Loop 
Gust Alleviation) which should increase passenger comfort. This system will also 

be adopted for 228 production. 


Finally, in light of the experience acquired, the following stage concerns the 
development of new propellers for use with engines of from 750 to 1,000 hp. Dornier, 
DFVLR, and Hoffmann are conducting this program with government financing. 


By launching the DO-228-100 and the DO-228-200, Dornier has made two wagers: 


Commercial Wager 


At a time when all builders are devoting their time to aircraft capable of carrying 
more than 30 passengers, the German builder has set his sights on the lower class, 
capable of carrying 15 to 19 passengers, and on replacing such aircraft as the Canadian 
"Twin Otter" which made a fortune for its builders. 


Technical Wager 


For the first time, the German builder has used advanced technologies on aircraft of 
the 5.7 ton class so as to be able to offer econamic advantages and improvements in 
decisive performance. 


9766 
CSO: 3102/417 
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TRANSPORTATION 


GOVERNMENT TO TIGHTEN EMISSION STANDARDS FOR NEW CARS 
Stockholm NY TEKNIK in Swedish 27 Aug 81 p 3 
[Article by Norbert Anderson] 


[Text] The National Environmental Protection Board is now tightening auto emission 
Standards. Beginning with 1983 models, manufacturers can no longer cheat when it 
comes to exhaust emission control, at least not to the same extent as before. 


According to the new regulations of the National Environmental Protection Board, 
at least 60 percent of the automobiles sold must meet exhaust requirements. Other- 
wise, the board's approval can be withdrawn. 


At present, only a small fraction of the automobiles on the Swedish market meet 
emission standards. 


Well known automobile manufacturers such as Volvo, Saab, Opel, Peugeot, Vaz, and 
others have not constructed their engines so that they meet the requirements. 


They have been able more or less to disregard the emission standards because of 
the present regulations for approval. 


The Environmental Protection Board presently grants its approval based on tests 
of prototypes. The tolerence is increased for series production. Many of the auto- 
mobiles that leave the assembly line do not meet the requirements. 


The Environmental Protection Board can do nothing because it has already approved 
the prototype. 


In addition, parts in the carburetors and engines gradually become worn. For most 
automobile models, this means that after several years only a few cars meet the 
requirements-~ even after the manufacturer or importer has made adjustments in the 
carburetor and the ignition system. 


Beginning with the 1983 models, however, the Environmental Protection Board will 
make continuous random checks of automobiles that have been driven between 3,000 
and 15,000 km. 


If more than 40 percent exceed the maximum values the automobile manufacturers will 
have a certain time to correct the problem. If there is no improvement, the type 
approval will simply be withdrawn. 
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Sweden's automobile industry and the automobile dealers’ association have appealed 
to the government to overturn the Environmental Protection Board's decision. 


The new automobile emission statement also places more responsibility on the aytomo- 
bile owner. The emissions check presently made at the annual auto inspection jg. 
rather lax. 


Now, however, the inspection methods will be refined. In this way, greater require- 


ments will be made on automobile owners to keep their car in such condition that 
it does not emit unlawful amounts of exhaust gases. 


9336 
CSO: 3102/424 
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TRANSPORTATION 


VOLVO PLANS CERAMICS-COATED ENGINES IN FIVE TO TEN YEARS 

Stockholm NY TEKNIK in Swedish 20 Aug 81 pp 6-7 

[Article by Jan Segerfeldt] 

[Text] Volvo now plans to use ceramics in future automobile engines. A thin ceramic 
layer on parts of the engine makes it possivle to increase the temperature, thereby 
increasing efficiency. The engine of the future will be lighter, cleaner, .and : 

more energy-efficient. Volvo has employed Norwegian ceramics experts in the experi- 


ments. If all goes wel! theceramics cam be in production in 5 to 10 years. 


Intensive research has been underway for 10 years at the Intitute of Industrial 
Research (SI) in Norway to study the surface coating. 


By coating the valves and cylinder head with a thin ceramic layer, an effective 
heat barrier is created. The heat barrier reduces the thermal dissipation from 
the hot combustion gases to the surrounding metals. 

The efficiency can then be increased by having combustion at a higher temperature. 
Another alternative is to allow combustion to occur at the same temperature as in 
a normal engine, but the efficiency would then be the same as in a conventional 


engine. 


The consequences of the latter alternative are that metal with a lower melting point 
than steel could be used for parts in the engine that are subjected to heat. 


Burnt Pistons 


Bergesens Skibsrederier A/S originally stimulated the interest of the SI researchers 
in heat insulation and engines. 


The shipping company had problems with burnt pistons in the large diesel engines 
of its ships. 


"The shipping company commissioned us to find a solution to the problem of the expen- 
sive burn damage," Dr. Ingard Kvernes said. 


The investigators sweated over the burnt valves and pistons and their knowledge 
grew. 
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Volvo observed the researchers in Norway and wondered whether ceramic technology 
could also be used in automobile engines. 


The Norwegian-Swedish project for a more efficient automobile engine was underway. 


Built-In "Push" 


The ceramic powder, which is melted an sprayed onto the engine parts, consits of zir- 
ccnium, magnesium, and calcium oxides. This composition provides a crack-resistant 
increase in volume when the melt solidifies. Many small "microcracks" in the surface 
are formed which, in turn, limit the ability of larger cracks to form. 


Cracks are readily formed when a material is coated with another material. 


The different coefficients of thermal expansion in the coating material and the 
base material create tension during heating and cracks may be readily formed. 


"A surface consisting of both ceramics and metal, applied before the surface layer, 
may solve the crack problem" Dr. Kvernes said. 


Ceramic layers thicker than 1 mm are difficult to make and the researchers believe 
that thickerlayers are hardly applicable to industrial production. 


Higher Efficiency 


In addition to the ceramics of the surface layer, it is possible to mix in substances 
that can serve as catalysts during combustion. 


"Combustion would then occur more rapidly and easier with the 'push’ the reactions 
receiveOfrom the catalysts," Kvernes said. 


Up to a 300 degree increase in gas temperature in the combustion chamber or a 60 
degree lower temprature in the surrounding metal--these are the two extreme cases 
provided by the ceramic layer. A commercial engine would probably be somewhere 
in between these figures. 


The higher the combustion temperature, the higher the efficiency. Thus, a higher 
gas temperature means that a greater efficiency can be derived from0a smaller quantity 
of fuel. 


The possibility of decreasing the temperature of the metal surrounding the combustion 
chamber provides other advantages. The risk of thermal fatigue is reduced and a 
colder metal is more rigid than a warm metal. Most important, however, lighter 
metals with lower melting points can be used and pistons can be made of aluminum. 


The price of gasoline and diesel oil, exhaust regulations, metal prices, and questions 
of lifetime and maintenance will be decisive in determining how the advantages of 
the ceramic layer will be utilized. 


Applying the technology to industrial production should be quite simple according 
to the researchers. Reliable equipment for plasma spraying is on the market. In 
the aviation industry it is common for jet engine parts to be plasma sprayed with 
alloys that decrease air resistance. 
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Ceramics At Volvo 
Ceramic sprayir_ in series production must be done by robots, according to Dr. Kvernes. 


"A high degree of reproducibility is required to form an equally thin layer that 
covers the entire surface of all the product," Kvernes said. 


It is important for the spray gun to receive the correct quantity of electric energy. 
If the enrgy is too low relative to the grain size, the grains of the powder can 
remain unmelted. A grain that does not melt together with the remaining ceramic 
layer makes the surface susceptible to crack formation. 


The results will be evaluated after Christmas. It will then be decided whether 
the experiment will lead to field tests in test cars. 


"If Volvo likes the test results, the technology may be used in automobile engines 
in 5 to 10 years. 


Plasma in Gun Melts Powder 


In the spray gun an arc is formed between two electrodes, one of copper and one 
of tungsten. The arc'’s energy ionizes a gaseous mixture, for example hydrogen and ni- 
trogen. The energy-rich plasma thus formed consists of ions and electrons. 


The ceramic powder is added before the plasma flows out of the gun. The powder consists 
of zirconium, magnesium, and calcium oxides. The powder is melted by the energy libera- 
ted whenthe ions and electrons return to their stable, lower energy level as gas mole- 
cules. 


The molten powder particles are thrown against the base material and are flattened as 
they strike this material. 





> 





Grundmaterial 


Smaita ° 

partiklar 

1. Powder inlet 

2. Copper Anode 

3. Insulating middle 
section 

4. Base material 

5. Tungsten cathode 

6. Electricity and 
water connections 

7. Gas supply 

8. Plasma jet 

9. Molten particles 

9336 


cSO:/ 3102/423 
















35 


TRANSPORTATION 


SOPHISTICATED ROBOTS USED TO PRODUCE RENAULT R 9 
Paris LE NOUVEL ECONOMISTE in French 21 September 81 p 66 


[Article by Alain Jemain: “The 120 Robots Which Manufacture the R 9] 


[Text] The idea was to beat the most widely sold car in the world, on the twin 
fronts of economy and quality. Im less than three years Regie Renault put itself in 
a position to do it. 


“Make it better than the Toyota Corolla.” In 1978, when Bernard Hanon, the 
automobile boss at Renault, gave the green light to his engineers to install the 
industrial facilities for the R 9, this was an awesome goal: to beat the most 
widely sold car in the world on the grounds of economy and quality. In less than 
three years, Renault had achieved the largest technologic leap since its creation. 
This change involved robotics. 


Freedom 


Some 120 robots are working today at Douai, in the plant which makes the new R 9 at 
a rate of 560 per day-~and at 1500 per day as soon as possible. These are true 
robots, which manufacture the undercarriage of the car (the floor), the engine 
cradle, and the front end, which perform the final assembly of the gear box, coat it 
with an undercoating compound, and spray the primer and the first coats of lacquer. 
Robots with six degrees of freedom for sheet-metal work, capable of moving in all 
directions like the hand at the end of the arm. With electrostatic bowls for 
painting robots, which are capable of spreading paints with 20 percent less waste, 
or of changing paint colors instantaneously depending on the instructions they 
receive. ALl of them, except for some dozen old Unimates, produced by Acma and 
Societe Mecanique of Castres, two Renault subsidiaries. 


"Of the 4000 welds on the Renault R 9,” we are told by Dominique Cousin, head of the 
sheet-metal department and responsible for the robotics project, "1500 are 
robotized, 2000 are made by conventional automated machines, and 500 are performed 
manually. We could go much further were it not for constraints of economy or 
absorption capacity. And during the coming months, we hope to prove that we can 
reduce the number of welds, without of course affecting the car's characteristics.” 


36 


With horn rimmed glasses and tousled hair, Mr Cousin is 28 years old. A 
multi-faceted technician and already a veteran of automatic devices, he has, for 
three years and with a 120-person team, worked in conjunction with the Office of 
Central Methods and the Office of Advanced Technology in Automation, to install 
robots, define their tasks, and fine tune their operation. After having worked on 
the design of these large “bikes,” he is now responsible for their utilization. 


"Not too long ago,” said Mr Cousin, «sheet-metal assembly operations required 12 to 
15 hours per car. Today, the Japanese take between three and four hours. We are in 
the same ballpark. In terms of costs, we are 15 to 20 percent ahead of the 

Renault 14, which was already the most automated one when it came out in 1976." 


Scrapping 
Robots bring industry into another world. “A multi~point automatic machine, whose 
design was specific, lasted the duration of one model,” observes Jose Dedeurwaeder, 
former director at Douai, who will now supervise the modernization project at the 
American Motors plant in Kenosha, which will produce 800 R 9's per day in mid-1983. 
"It then had to be scrapped. A robot, on the other hand, because of its 
versatility, will be amortized over three models, which means some 20 years instead 
of seven.” And while the initial investment is slightly higher--15 to 20 percent at 
present--robots provide a quality and flexibility that was unknown with the previous 
automatic machines. Thanks to these obedient and disciplined machines, an operation 
can be modified in a maximum of two months and a minimum of several minutes, the 
time it takes to punch the keys of the programmable computer which controls it. 
Welds are accurate to two-tenths of a millimeter--and self-controlled--and the pace 
is regular and programmed from 5:20 in the morning to 11:00 at night (2 X 8). No 
more misses, no unexpected welds. And as all automobile builders know, quality will 
be the determining factor in the automobile competition of the 1980's. 


To install this new equipment--estimated as a whole at some 400 million francs of 
the 1200 million invested at Douai for the R 9 groundwork--Renault had to undertake 
the greatest training and upgrading effort in its history: 80,000 hours for two 
vears, added to which are 10,000 hours of residence with suppliers and 2000 hours of 
apprenticeship on the machines. About 1500 employees--of the 7300 in the 
plant--attended an information campaign. And while the introduction of robotics did 
not eliminate any jobs--the 35 robot welder operators are at the minimum of the BTS 
level--it did raise qualifications and salaries (from 5500 francs to 7000 francs for 
these same operators over a period of thirteen and one-half months). 


Two major problems remain. The rapid promotion of a new type of stoff which is as 
different from the assembly line “screamers"” as are the specialties ~equired for the 
conventional maintenance services. It wil! be especially necessary to obtain long 
term acceptance for uninterrupted work (3 X &). 


This is a growing requirement when the utilization of hundreds of million francs of 
investment depends daily on a handful of men. 


11,023 
CSO: 3102/5 
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TRANSPORTATION 


RENAULT EMPLOYS ADVANCED AUTOMATION TECHNIQUES 


Paris INGENIEURS DE L'AUTOMOBILE in French Jun-Jul 81 pp 43-47 


[Excerpt] 1. Organization of Research and Development 


The automation research and development of the Renault group is aimed at two 
objectives of different natures and magnitudes: as user of automation, controlling 
the favorable evolution of its own productivity, an increasingly fundamental factor 
in the competition among the world's automobile manufacturers; and as seller of 
production equipment, involved in the mechanical engineering field. 


Upstairs, the Bureau of Scientific and Technical Affairs of the group has 
established automation as one of the important lines of activity. As a result, the 
automation program of the research plan is keyed to such topics as CAO 
(computer-aided design), production automation, flexible shops, robotics, and 
advanced components in automation. Connections are formed with university research 
laboratories, and with such public research activities in France and abroad as the 
GARA project of CNRS (National Council for Scientific Research). These research 
efforts directly support the design and development actions in various units of the 
group. 


In the automobile branch, the Directorate for Advanced Technology in Automation 
studies and designs future automatic equipment needed by manufacturing: robots, 
CAO, numerical control, and assembly machines. The Directorate for Information 
Processing Systems installs information processing systems for production control, 
industrial data processing systems, as well as the CFAO (computer-aided design and 
manufacturing) network of the group, in association with the research centers of the 
group. 


The development and industrialization of the automation products are provided by the 
industrial branch of the group, which has gathered within RIET all its automation 
activity: special processing machinery, assembly lines, fixed and flexible 
handling, programmable controllers and systems, measuring machines, automated shops, 
automation engineering studies, and training materiel. 
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2. Robotics 


Let us examine in greater detail the activity of robots, one of the essential 
components of automation in batch processes. 


We heve seen that one of the obstacles to total automation of batch processes was 
the absence of universal machines capable of performing the very varied tasks of 
batch fabrication. Robots now fulfill this requirement in two ways: 


a) They are universal machines which, when adapted with specific tools, are capable 
of performing various operations which until now have been carried out by as many 
special machines; 


b) They are universal motion organs, which make it possible to automatically 
perform many handling tasks that were performed manually until now. 


2.1 Robot Machines 


In the first case, the essential application in the automotive industry is spot 
welding. Robots become a flexible alternative to the multi-point welding machine. 
The necessarily slower rate of robots is compensated by the flexibility and 
adaptability of these truly programmable tools. It is reasonable to think that 
within a few years all automotive body welding lines will be robotized. 
Nevertheless, problems with these robots still remain to be solved. Sufficient 
precision is necessary to allow not only welding on previously attached parts, but 
the matter of assembly must also begin to be solved. In addition, it is necessary 
to obtain a high productivity, meaning a significant number of welds per robot per 
time unit, to provide systems for practical and rapid programming and learning, and 
to keep track of the relative motion of the body with respect to the robots. And 
finally, it is necessary to be able to optimize and coordinate an entire line of 
several dozen robots. The welding process (welding points and weld control) must be 
reviewed in the light of the equipment's autonomy and absence of human supervision. 


At present, welding robots are hydraulic for the essential reason that welding 
equipment is heavy (60 kg) and that the speed of hydraulics makes it possible to 
obtain good productivity. 


The second large application of robot machines is painting, or more generally, 
spraving. The current problems, as compared to welding, are that the painting 
gesture is a dynamic one, which means that the robots have to be controlled not only 
statically as in spot welding, but dynamically as well. Moreover, the path of a 
painting robot requires the memorization of more information (tens of kilobytes for 
a gesture of tens of minutes), and that the present technology, until the 
introduction of bubble memories, allows the storage of only several minutes of live 
memory. Procedures for information compression by a factor of the order of 100 must 
thus be used, requiring techniques as sophisticated as those encountered in 
telecommunications. 


With the painting robot, shape recognition systems must be brought into play. They 
are not necessarily very sophisticated, since a simple vertical line of photodiodes 
makes it possible to recognize the type of body which is moving in a horizontal 
direction, triggering a painting program stored in memory. 
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2.2 Displacement Robots 


Robots are universal displacement machines, and this is the function which creates 
the large future market of robotics as major component of automation in batch 
processing industries. 


Handling is the first type of application, where it is generally a matter of feeding 
a machine with parts from a stock. If the parts are perfectly arranged in a 
predetermined pattern, the present robots used for welding and painting can also 
perform this task by memorizing the path to be followed. 


But in most cases some uncertainty exists about the initial position of the parts, 
and recognition systems must be used. These range from simple mechanical sensors, 
to three-dimensional recognition by TV cameras, and include ultrasonic sensors, 
Strain gauges, lasers, and so on. All these devices are currently being studied at 
Renault with the aim of reaching efficient, economical, and industrial solutions. 
Many fundamental physics problems have to be solved. The use of TV cameras in 
industrial environments raises many problems due to variations in lighting. To 
avoid them, special cameras are aow being studied to allow the programmed division 
of the image into several zones which are scanned successively with adaptation for 
sensitivity in each case. 


The time for computation and numerical treatment of the video signal is equally a 
problem. In most operations, the total cycle time must be of the order of a few 
seconds; this can be obtained only at the expense of very rapid digital electronics, 
such as parallel processors. The system developed by Renault uses combinations of 
Slice microprocessors. 


Another function which is at the basis of any handling operation is the geometric 
command which makes it possible to perform a movement in a coordinate system 
different from the robot's system of coordinates. This involves the robot~-space 
which is defined by the angles of rotation of the different axes, the tool-space, 
and the part-space. 


The operation of geometric commands requires the capability of performing in real 
time, calculations of rotations in three dimensions, which are also carried out by 
rapid operators specially coordinated with each other for this task. 


The use of geometric commands enables operations somewhat similar to those found in 
numerical control, linear and circular interpolation, work on moving objects (such 
as ona line), definition of a path in the obdject-space (such as grasping a part 
independently of its position), local modification of path as a function of changes 
in the object's shape (such as in deburring). 


2.3 Robot Control-Protocol 


All the functions which constitute the robot's intelligence are exploited in the 
robot control=protocol system. 
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Indeed, as the functions of the robot increase, a modular and adaptive information 
processing system for control is needed to support the necessary equipment and 
programs. Today, the first minicomputer protocols are being replaced with 
multiprocessor assemblies composed of electronic cards, each of which perform a 
given operation. It is thus possible to separately perfect each of the functions, 
and especially to achieve better execution times and large memory resources 

(32 Kbytes for painting). This is the case of the version V protocol, designed to 
control all the models of Renault robots. It includes the following cards, some of 
which are optional: 


Central unit card; 

Environment card; 

Three-axis incremental coder for hydraulic robot; 
Three-axis incremental coder for electric robot; 
Four-axis potentiometer card for hydraulic robot; 
Four-axis potentiometer card for electric robot; 
Geometric operator card; 

Shape recognition option; 

Disk, cassette option; 

Servo-arm card. 


The 16-bit Intel 8086 and the AMD 2903 slice microprocessors are used. 


All of this remains to be programmed: the language used is a task-oriented one, 
such as the Grafcet used in programmable automation. 


This language can be integrated into a CAO station; thus, because of the connection 
with the tree-dimension computation system (RA3 type), and because of its graphic 
outputs, the system becomes a powerful tool for design and robot installation. 


This makes it possible to place robots in the context of total automation and to use 
these programmable tools and material interface capabilities for designing entire 
automated, robotized lines, and effectively reach full integration within the 
four-level concept which we discussed. 


Automation Products 
Robots 

Handlers 

Automotive carts 
Special machines 
Assembly lines 
Flexible shops 
Programmable automation 
Command systems 

CAO stations 

Programs 

Automation engineering 
Training 
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TRANS PORTATION 


BMW SERIES 5: RESULT OF CAREFUL RESEARCH, HIGH TECHNOLOGY 
Paris L'ARGUS DE L'AUTOMOBILE in French 10 Sep 81 pp 1, 5 
(Article: "BMW Series 5: Triumph of Technology") 


[Text] The priority goal of BMW engineers is to maintain BMW's identity as an 

elegant sports car, while lowering fuel consumption. That explains why the new 
Series 5 bears a considerable resemblance to its predecessors, but it is never- 
theless totally new: "no revolution, long live continuity in change," seems to 
be the doctrine of the Munich research offices, which we were recently able to 

visit during a very successful technical-tour day. 


While it is hopeless to recount in detail all that we have glimpsed--several issues 
would still not be enough--we can usefully indicate some of the research 
Orientations of this major force in automobile technology: we will discuss them 
after having noted that the Series 5 is a great achievement. 


More Aerodynamic 


Until 1979, BMW did not have a full scale wind-tunnel capable of accepting full size 
vehicles. After studying various European models, BMW adopted a French technology, 
that of the St-Cyr wind-tunnel, which we saw in the Same size at Munich. The BMhw, 
whose aerodynamics were not (at all) impressive, will now rate more than honorably, 
given that the BMW 528i now has a Cx of 0.385, or 12 percent less than its 
predecessor (manufacturer's figures). 


The front is lower, with a spoiler, and the rear is 4 cm higher: this is an 
all-around improvement in terms of mechanical accessibility (new hood), trunk space 
(460 1, or 5 percent more room), and esthetics. Once again, the BMW has been 
intelligently modernized without sacrificing style. 


Lighter 


To slip through the air for lower consumption is valuable, but it is equally useful 
to reduce weight for the same purpose. Thanks to a better design (computer 
assisted), 13 percent thinner sheet metal was used for equal strength. This has 
resulted in a gain of 40 kg (9 percent) in the actual body, with a consequent total 
weight reduction of 60-90 kg depending on models: the obvious corollary is that 
with less dead weight to pull, the engine consumes less. The passengers have also 
profited from these new shell calculations: the rear seat gains 4 cm of leg room, 
and the driver 2 cm forward and 2.5 cm backward for seat ad justment. 
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Staid Four or Six Cylinders 


True to form, the basic BMW model is equipped with a 1/767 cubic centimeter, 
four-cylinder, carburetor engine, but one with a high compression ratio (9.5) and 
with combustion chambers identical to those of the six-cylinder. With 90 DIN hp, 
the 518 reaches a top speed of 164 km/h, and goes from 0 to 100 km/h in 14 sec. 
Fuel consumption remains extremely low: 71, 9.5 1, and 11.1 1, at 90 km/h, 

120 km/h, and in city driving, respectively; it becomes 6.4 1, 8.7 1, and 11.1 1 
with the optional five-speed gear box. 


As its nomenclature indicates, the 520i is a 2 1 (1997 cubic centimeter) injection 
model: it can be considered as the basic six-cylinder version, with its 125 hp. At 
a weight/power ratio of 9.8 kg per horse, performance becomes brilliant: 185 km/h 
top speed, and 0 to 100 km/h in 11.8 sec, for consumptions that are still attractive 
at 7.31, 6.51, 8.7 1 at 90 km/h; 9.6 1, 8.71, 10.1 1 at 120 km/h; and 12.51, 
12.5 1, 11.9 1 in city driving, depending on the respective model, i.e. manual BV4, 
manual BV5, or three-speed B Auto. 


BMW 525i and 528i: Spirited 


While the 520i is still equipped with the K Jetronic mechanical injection system and 
rear drum brakes, the 525i leads the top of the line with all the attractive 
features: L Jetronic electronic injection, four-wheel disk brakes, hydraulic (pump ) 
power steering and brakes, and finishing refinements which include many electronic 
driving aids. 


Strangely, the 525i and 528i have large hubcaps with an undeniable aerodynamic 
effect; in addition to being more powerful, these models are thus the only ones with 
a Cx of 0.385, while the Cx of the 518 and the 520i is undoubtedly not as good 
(although the figure has not been released). 


The 2495 cubic centimeters of the 525i develop 150 hp at 5500 rpm: this power could 
be much higher thanks to the new heads and to injection, but it was kept down for 
insurance purposes, since in FRG 110 kW (150 hp) falls at the borderline between two 
rates! In return, the torque of 21.9 mkg is high: 100 km/hr can be reached in 

9.9 sec, and the top speed is 197 km/hr. Fuel consumption still follows the same 
BV4, BV5, and BA3 order: 81, 7.21, 8.71, at 90 km/h; 101, 9.1 1, 10.7 1, at 

120 km/h; 14.1 1, 14.1 1, 13.9 1 in town. 


Naturally, the best performances belong to the 528i: 2/788 cubic centimeters, 

184 DIN hp, 209 km/h, and 0 to 100 km/h in 8.9 sec. However, thanks to its 
five-speed gear box, consumption is only 6.9 1 at 90 km/h, 8.6 1 at 120 km/h, and 
14.9 1 in town, going to 8.41, 10.8 1, and 15 1 with automatic transmission. 


Electronics to the Rescue 


While the lightening, aerodynamics, and the new high-compression heads are 
responsible for many of the low consumptions, the improvement introduced by the 
injection systems is estimated to be 5 percent. A more accurate delivery of 
gasoline and ignition cut-off up to 1200 rpm during deceleration, are the two major 
causes for these savings. As we shall see below, the cut-off technique is in fact 
one of BMW's major points in engine development, as is the on-board electronics. 
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A high-performance modern wind tunnel. This model, with a very good Cx of 0.19, 
is an experimental car. 


Beginning with the 525i, and in addition to the injection, we find at least three 
new devices: 


An indicator for oil change and maintenance intervals. For BMW, one kilometer in 
town is not the same as one kilometer on the road: in the first case, the engine is 
cold, works in spurts, and heats when stopped, while in the second case its effort 
is steadier and less taxing. Four sensors--engine rpm, distance covered, water 
temperature, and outside temperature--are connected to a microprocessor which 
differentiates between distances that place heavy demands on the engine, and those 
that are easier on it. This microprocessor controls dashboard lights which tell the 
driver when to change the oil or perform maintenance. 


The advantage for the car owner is that maintenance can be performea on demand, in 
many cases less often than the regular traditional maintenances. The advantage for 
BMW is that the system can only be reset at the dealer with a special key! 


Electronic heat control: two sensors provide for precise regulation of ambient 
temperature to selected levels. 


Program test II: since 1976, owners of Series 7 BMW's can verify the conditiun of 
their vehicles. In 1981, the Series 5 have the program test II, which constantly 
checks the headlights, brakes, position lights, dashboard lights, oil and water 
levels, windshield wipers, and so on. A warning light goes on for any defect, and 
cannot be turned off until the defect is corrected. 











Active Safety 


In its concern to improve everything, the BMW studies group did not spare any 
effort: the front end continues the design of the preceding Series 7, and the’rear 
train has been redesigned for better efficiency. In front, a sophisticated geometry 
(with variable caster) provides many advantages: anti-diving during braking, better 
Steering control, greater wheel clearance allowing the installation of hard sidewall 
tires without loss of comfort. In the rear, the oblique triangle system is now. 
fixed at 13 degrees (as compared to 20 degrees for the 518 and 525i, which retain 
the old axle) to maintain the smallest possible length and wheel base variations, 
contribute to good utilization of the available power, and eliminate under-steering. 


As a direct consequence of adopting the double-articulated front end, the Series 5 
can use the ABS system which is compatible with the X-circuit brakes and the 
high-pressure pump with accumulator, which unlike conventional power brake systems 
allows several brakings with the engine turned off. 


Driving Aids 


Those who want even more information in order to extract the most from their 
automobiles, will not be disappointed by the Series 5. An instantaneous consumption 
indicator is standard equipment on the 525i and 528i, and eventually will be on the 
entire line: fuel consumption is shown in liters, and is calculated on the basis of 
the gasoline brought to the engine. With a precision of 5 percent it outperforms 
all the consumption indicators that depend on pedal depression alone, and it can be 
further improved with the on-board computer offered as an option by BMW, along with 
its electronic tachometer. In closing the option chapter, it should be added that 
Michelin has earned a salute for the selection of its TRX 60 wheels and tires. 


One Step Further 


As spectacular as they may be, all the technical innovations made on the Series 5 
are ridiculously timid compared to those that are being prepared by the Munich 
designers; and yet, the directions of their research are guided by a strong sense of 
practical realism. 


For instance, BMW has demonstrated that an excessive expansion of gear ratios is 
ultimately counterproductive for obtaining low consumptions. BMW's will therefore 
have only conventional overdrive fifth gears, while awaiting gear boxes--in a 
distant future--in which the shifting will be electronically controlled on the basis 
of many parameters such as speed, load, road conditions, and so on. It will thus be 
possible to always drive with the lowest consumption, and to select with one finger 
the type of driving desired: normal, economical, sports, and so on. 


Because of the large amount of information which it can handle, such a computer 
could practically control all mechanical functions such as injection, ignition, and 
engine power. 


The Cut-Off 


Having observed that all driving ultimately consists solely of accelerations and 
decelerations, BMW believes that it would be desirable to modulate the available 
power. How? By working only a portion of the engine. 
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We were able to test the LZA system on a six-cylinder engine which operated on only 
three cylinders below 1200 rpm, and whose ignition was actually cut off during 
deceleration: we fortunately had signals to indicate whether we were driving with 
six, three, or zero cylinders, because we would not have known it otherwise! Even 
more impressively, the TZA allowed us to reach 130 km/h with a 323 operating on 
three cylinders; the other three, disconnected, were maintained at the right 
temperature by recirculation of exhaust gases. Except for a few vibrations, the 
performance was satisfactory with 25 percent fuel Savings: a touch on the 
accelerator, and the punch of the six cylinders was instantly available. 


Independently of these spectacular tests, BMW is working on all fronts, including 
that of turbo diesels. 


This original engine research must not mask the essential effort: BMW is working 
like all the other manufacturers, to improve aerodynamics and reduce weight in its 
Products. In the aerodynamics field, it is redoubling its efforts to catch up, and 
has even built a full scale model of an experimental car whose Cx equals 0.19, and 
which is equipped with movable parts leading to fruitful discoveries. 


Up-to-Date 


France has designed some new weather testing chambers which will make it possible to 
Progress more rapidly in building new climate-control systems. As to weight, it was 
shown that the famous law--100 kg reduction equals 1 1 per hundred kilometers 
gained--is false: a Series 3 lightened by 100 kg and with its engine subsequently 
optimized, improves by 5.4 percent in town and 5 percent on the road, which is not 
bad. In terms of weight reduction, BMW is trying everything, absolutely everything 
that is industrializable, is not demanding of energy, and has a reasonable cost: 
judging by the number of models built in Munich, the probdem has been thoroughly 
examined in the area of light metals, as well as for plastics and sandwich 
materials. 


As the last feature of serious research, BMW is also developing its investigative 
techniques, as demonstrated by remarkable holograms which disclose certain vibration 
phenomena. They may have been used for the new drive shaft of the Series 5, whose 
own frequency is so low and accurately calculated that the car is much more silent 
at high speeds. The quality of design is often the invisible detail which results 
in substantial gains: as we have seen, BMW has nothing to fear in this respect and 
remains one of the unchallenged leaders of automotive technology. 
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